E. coli RNase HI and the phosphonate-DNA/RNA hybrid: molecular dynamics simulations.
A model for the complex between E. coli RNase HI and the DNA/RNA hybrid (previously refined by molecular dynamics simulations) was used to determine the impact of the internucleotide linkage modifications (either 3-O-CH2-P-O-5' or 3-O-P-CH2-O-5) on the ability of the modified-DNA/RNA hybrid to create a complex with the protein. Modified internucleotide linkages were incorporated systematically at different positions close to the 3-end of the DNA strand to interfere with the DNA binding site of RNase H. Altogether, six trajectories were produced (length 1.5ns). Mutual hydrogen bonds connecting both strands of the nucleic acids hybrid, DNA with RNase H, RNA with RNase H, and the scissile bond with the Mg++. 4H2O chelate complex (bound in the active site) were analyzed in detaiL Many residues were involved in binding of the DNA (Arg88, Asn84, Trp85, Trp104, Tyr73, Lys99, Asn100, Thr43, and Asn 16) and RNA (Gln76, Gln72, Tyr73, Lys122, Glu48, Asn44, and Cys13) strand to the substrate-binding site of the RNase H enzyme. The most remarkable disturbance of the hydrogen bonding net was observed for structures with modified internucleotide linkages positioned in a way to interact with the Trp104, Tyr73, Lys99, and Asn100 residues (situated in the middle of the DNA binding site, where a cluster of Trp residues forms a rigid core of the protein structure).